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Introduction
The Indian mackerel Rastrelliger kanagurta is
an important food fish in India and an important
forage item for top predators such as tunas. Classified
as a medium fatty fish, its biochemical composition
with regard to food processing technologies has
been reported earlier (Nair et al., 1976; Nair and
Gopakumar, 1978, 1984). Lipids are the major energy
source in fishes and their constituent fatty acids play
a critical role in the maturation and reproductive
success, hatching and enhanced larval survival as
well as growth patterns and hence have been used
to understand maturation, spawning and recruitment
dynamics of many finfish and shellfish species
worldwide (Appa Rao, 1967; Rao, 1967; Nikolskii,
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Abstract
The fatty acid profile of the Indian mackerel Rastrelliger kanagurta from the Arabian Sea was studied
in relation to its maturation and spawning cycle. Among fatty acids, polyunsaturated fatty acids (PUFA)
component was the highest (46.9%) followed by saturated fatty acids (SFA) and monounsaturated fatty
acids (MUFA) at 41.8% and 11% respectively. No differences were observed between the period of
low spawning activity in January and peak spawning activity in May. However significant (p<0.05)
differences were observed with regard to sex where females had higher levels of SFA and MUFA while
males had higher levels of PUFA. With regard to maturity stages, only females showed significant
differences (p<0.05) in MUFA content with higher level in mature stages compared to immature stages.
Docosahexaenoic acid (DHA) was the single largest component of PUFA. The absence of marked
temperature differences in the Arabian Sea probably precludes seasonal effects on the levels of SFA,
MUFA and PUFA in the Indian mackerel while variations of individual FA within these groups indicate
lipid dynamics in relation to reproduction and feeding.
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1969; Henderson et al., 1984; MacFarlane et al.,
1992; Ballantyne et al., 1996; Bell and Sargent,
1996; De Silva et al., 1997;  Jong et al., 1997; Galap
et al., 1999; Kas’yanov et al., 2002; Mourente et al.,
2002). In spite of diet and environment induced
variations in fatty acid profiles among individual
fishes, the fatty acid signatures of each species is
unique and this has been effectively used to
understand their foraging ecology and marine food
web dynamics (Kharlamenko et al., 1995; Kirsch et
al., 1998; Iverson et al., 2002). However no studies
on the above aspects are available for the multitude
of commercially important fishes from the Indian
waters. The compilation of biochemical composition
of major Indian food fish and shellfish from marine,
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brackishwater and freshwater (Gopakumar, 1993)
refers to, among various fishes, the total lipid content
of mackerel but does not mention its fatty acid
composition. Osman et al. (2007) reported lipid
composition of Indian mackerel R. kanagurta found
in Malaysian waters.  It has been reported earlier
that seasonal variation in fat content of the Indian
mackerel occurs with the highest levels during
October - November and March - May along the
Calicut coast coinciding with its spawning peak
(Devanesan and John, 1940; Venkataraman and
Chari, 1951, 1953; Chidambaram et al., 1952). The
present study is focused on the fatty acid profile of
mackerel with special reference to its maturation
and spawning cycle.
Material and Methods
Mackerels (19 - 28 cm total length) caught in
ring seines and trawls operated off Cochin in January
and May, 2007 representing the low and peak
spawning activity schedule were used in the study.
The freshly caught specimens were preserved in ice
and transported to the laboratory where the following
parameters were recorded: total length (mm), weight
(g), sex, gonad weight (g) and maturity stage (I to
VI) based on the macroscopic visual staging method
(Pradhan and Palekar, 1956). Two maturity stages,
namely, immature (gonads upto stage II) and mature
(stage IV and V) were classified and composite
samples (n = 5 to 6) prepared for the extraction of
lipids. Lipid extract was obtained from the composite
samples of muscle tissue (including skin) cut from
below I dorsal fin base. These samples were  minced
and homogenized using chloroform and methanol
(2:1, v/v) as per the method of Folch et al. (1957)
and analysed in triplicate. Fatty acid methyl esters
prepared from the lipid extract using BF
3
- methanol
(Metcalfe et al., 1966) were separated by gas-liquid
chromatography (Varian CP 3800 U.S) equipped with
a capillary column (Elite 225,  30 m long and 0.25
mm diameter) and a Flame Ionization Detector (FID)
in the presence of hydrogen and air. The carrier gas
was nitrogen and the flow rate was 0.5 ml/min. The
chromatograph temperature started at 1500 C and
was increased at the rate of 40 C/min until a
temperature of 2500 C was attained. Fatty acids were
reported as per cent of total fatty acid methyl esters
(FAME).
Results and Discussion
The polyunsaturated fatty acids (PUFA) form
the largest component followed by saturated fatty
acids (SFA) and monounsaturated fatty acids
(MUFA) with a mean of 46.9%, 41.8% and 11.0%
respectively of the total fatty acids (Fig.1; Table 1).
None of these three components showed any
significant seasonal variations (p>0.05).  However
significant variations (p<0.05) were observed with
regard to sex  where female had higher levels of
SFA and MUFA compared to males while PUFA
levels were higher in males (Table 2) .  With regard
to maturity stages, significant variation (p<0.05)
was observed in the MUFA content and this was
evident only in females. MUFA content of immature
female was only 9.1% compared to 14.1% in mature
stages while in males it ranged between 10.2 and
10.7% (Table 3).
Table 1. Major fatty acids, their mean levels (%) and
standard error (in parenthesis) and range (%)
irrespective of sex and maturity stage in R.
kanagurta
Fatty acid Mean (%) Range (%)
C14 3.45 (0.19) 1.84 5.11
C15 1.15 (0.09) 0.64 2.03
C16 24.88 (0.59) 19.9 31.01
C17 1.52 (.08) 0.98 2.43
C18 9.81 (0.27) 7.37 12.54
Total SFA 41.8 (0.66) 40.42 43.23
C16:1 2.95 (0.16) 1.72 4.6
C18:1 6.99 (0.54) 2.03 12.34
C20:1 0.39 (0.02) 0.2 0.61
C22:1 0.13 (0.08) 0.07 0.23
Total MUFA 11.03 (0.18) 10.64 11.42
C18:2n6 1.92 (0.018) 1.36 2.46
C20:4n6 4.51 (0.28) 2.05 7.45
C20:5n3 6.19 (0.23) 4.42 8.54
C22:6n3 29.57 (0.80) 22.17 37.64
Total PUFA 46.9 (0.77) 45.32 48.59
No significant changes in the various fatty acid
groups on a temporal scale were observed in the
present study.  Similarly, Gallagher et al. (1989)
reported that even though total per cent fat increased
as size of the striped bass Morone saxitilis increased,
there were no significant changes in proportion of
the SFA, MUFA and PUFA groups. It has been
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reported that environment, especially temperature
plays a significant role in determining PUFA levels
in fish with increasing levels at lower temperatures
while MUFAs and SFAs show little variations
(Knipprath and Mead, 1966; Bell et al., 1986; Saito
et al., 1997). The absence of marked fluctuation in
temperature regimes in a tropical marine ecosystem
such as Arabian Sea probably precluded seasonal
effects on fatty acid composition.
The PUFA content of Indian mackerel in the
present study was high with an average of 46.9%
although lower than 51.29 % reported for the same
species in Malaysian seas (Osman et al., 2007).
Tropical and sub-tropical species are reported to
contain lower levels of PUFA than temperate and
sub-arctic species (Ackman, 1989). However, similar
to the present study, Saito et al. (1999) noted high
levels of PUFA especially DHA in several
caesioninae species from tropical waters. Osman et
al. (2007) also reported that several marine wild
fish caught in the Malaysian seas had high content
of PUFA especially DHA when compared to
menhaden, a species belonging to temperate waters.
Bayir et al. (2006) also reported PUFA content of
37.86 to 46.29 % in several marine fish species
occurring in Turkish waters. Gopakumar (1993)
reported higher PUFA levels in scombroid fishes
such as tunas and seerfishes compared to many
other marine food fishes and similar observations
were recorded in this study for mackerel which is
another scombroid fish.
The higher levels of MUFA in female mackerel
are in agreement with the observations of
progressively higher levels of monoenoic acids
coinciding with the development of ovaries and
increase in the gonado-somatic index of Atlantic
salmon Salmo salar (Wiegand and Idler, 1985) and
sockeye salmon Oncorhynchus nerka  (Ballantyne
et al., 1996) during their spawning migrations.
Besides, in fishes monoenes and saturated fatty acids
are mobilized as energy sources in preference to
PUFAs. Henderson et al. (1984) demonstrated
increased utilization of MUFA in the muscles of
male capelin Mallotus villosus as compared to
females, associated with enhanced physical activity
Fig. 1. Composition (%) of saturated, monounsaturated
and polyunsaturated fatty acids in total fatty acids
of Indian mackerel
Table 2. Variations in SFA, MUFA and PUFA levels (% of total fatty acids) during the seasonal spawning cycle
Fatty acid group Early spawning season Peak spawning season Mean
Male Female Mean Male Female Mean Male Female
SFA 39.9 43.1 41.5 39.5 45.1 42.1 39.7* 44.1*
MUFA 9.3 12.3 10.8 11.7 10.9 11.3 10.5* 11.6*
PUFA 50.3 44.2 47.4 49.1 43.9 46.5 49.7* 44.1*
(* Significant)
Table 3. Variations in SFA, MUFA and PUFA levels (% of total fatty acids) in relation to maturity stages
Fatty acid group Male Female Mean
Immature Mature Immature Mature Immature Mature
SFA 40.0 39.1 43.5 44.7 41.8 41.9
MUFA 10.2 10.7 9.1 * 14.1 * 9.7 12.4
PUFA 49.6 50.0 47.2 40.1 48.4 45.5
(* Significant)
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and migration for spawning leading to higher levels
of PUFA and a similar process  probably holds true
for the Indian mackerel also.
Although there were no seasonal differences in
the total SFA, MUFA and PUFA content of Indian
mackerel, certain individual fatty acids within these
groups showed variations either in relation to season,
sex or maturity stages indicating the dynamics of
fatty acid metabolism. Dominant fatty acids among
SFA were palmitic acid (C16:0, 24.8%) followed by
stearic acid (C18:0, 9.8%) and myristic acid (C14:0,
3.5%). Minor fatty acids included C15:0 and C17:0.
The major MUFAs were oleic acid (C18:1, 6.9%)
and palmitoleic acid (C16:1, 2.9%) while minor
fatty acids included C20:1 and C22:1. Among
PUFAs, docosahexaenoic acid (C 22:6n3, 29.6%),
eicosapentaenoic (C20:5n3, 6.2%) and arachidonic
acid (C20:4n6, 4.5%) were the major constituents.
Docosahexaenoic acid (DHA) was the single
largest FA component (29.6%) and significantly
higher levels occurred in muscle tissues of males
compared to females. Within the females, mean
levels of DHA were lower in mature (24.5%)
compared to immature (30.4%) stages. Similar
observations of high DHA content in the bonito tuna
as compared to other marine fishes such as sardines
and herrings were made by Saito et al. (1997) while
Bayir et al. (2006) reported DHA levels of 10.57 to
34.92% in several marine fish species in Turkish
waters. This study agrees with the findings of Osako
et al. (2006) who noted high levels of DHA (28%
of total FA) in the muscle of the spotted mackerel
Scomber australasicus and concluded that
physiological selective accumulation of DHA occurs
in muscle tissues of active fishes such as mackerel
and tunas since MUFA and SFA are more easily
metabolized as energy sources than PUFAs. DHA
is reported to be indispensable for larval growth and
survival of marine fishes (Sargent et al., 1999) and
the high levels in females in the present study
probably implies the supply of essential fatty acids
to the embryos that will be subsequently hatched.
DHA levels were lower in mature females as
compared to immature fish and probably reflected
its mobilization as selective utilization of fatty acids
such as DHA during the process of yolk deposition
in eggs in female gonads (Henderson et al., 1984;
Wiegand and Idler, 1985). It is also in agreement
with the observation by Mourente et al. (2002) who
reported accumulation of DHA in almost all tissues
from the very early stages of sexual maturation in
tunas and 42.3 fold increase of DHA levels in the
ovaries from stage I (immature) to stage IV (mature
spawners) of bluefin tuna which was mobilized from
the muscle reserves via liver and serum.
This study shows higher levels of DHA compared
to EPA which was contrary to that observed in
sardines (Sardinella spp.) where EPA content was
higher as reported by Gopakumar (1993) and
Njinkoue et al. (2002). This is in agreement with
the observations by Ackman et al. (1964) who
concluded that a fish diet dominated by diatoms is
likely to show dominance of EPA over DHA.
Ackman et al. (1980) observed that wax esters from
a diet of copepods are potentially the major sources
of docosenoic acids in fish. The differences in the
EPA and DHA content in R. kanagurta and Sardinella
longiceps which share the same pelagic habitat was
presumably due to the differences in their diet
dominated by zooplankton such as copepods and
phytoplankton respectively (Vivekanandan et al.,
2009).
In the present study, arachidonic acid (AA)
showed significant lower levels (p<0.05) in mature
specimens of both sexes as compared to immature
stages. Prostaglandins (PG) play an important role
in fish reproduction (Stacey and Goetz, 1982) with
AA being the principle PG precursor involved in
spawning activity of fishes including ovulation and
sperm production (Bell et al., 1986; Wade et al.,
1994;  Sargent et al., 1999) and the lower levels in
mature specimens of both sexes were probably due
to its mobilization.
Fatty acids have been used in marine food web
studies to identify food sources and notably C16:1
and C18:1 (diatom dominated phytoplankton:
Sargent and Falk – Petersen, 1981), C20:1 and C22:1
(predominantly copepods: Gatten et al., 1983; Lee
et al., 1971), C14:0 (predominantly diatoms and
coccolithophores: Ackman et al., 1964); C15:1,
C17:1 (bacterial biomass/detritus) and C20:4n6
(seaweeds: Osako et al., 2006; Saito et al., 1999)
have been identified. All these fatty acids were
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present in mackerel tissue and are consistent with
observations of its omnivorous feeding behaviour
and diet composition which indicate inclusion of
algal matter, copepods, crustaceans and detritus
(Chidambaram, 1944; Rao, 1965).
In conclusion, there are no seasonal differences
in the SFA, MUFA and PUFA contents in the Indian
mackerel and the rich content of PUFA indicates it
as a highly nutritious food. The study indicates fatty
acids may be used to validate observations on diet
and food web dynamics as well as to have a holistic
understanding of the physiological factors such as
the maturation/spawning cycles, feeding and
migratory behaviour.
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